Abstract: Reduction of aluminum(III), gallium(III) and indium(III) chloride phthalocyanines by sodium fluorenone ketyl in the presence of tetrabutylammonium cations yielded crystalline salts 
Introduction
Metal phthalocyanine (MPc) in radical cation or radical anion state can show promising magnetic and conducting properties. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] metallic conductivity which in some cases is stable down to liquid helium temperatures. [1] [2] [3] Oxidation of unsubstituted and substituted manganese(II) phthalocyanines by organic -acceptor tetracyanoethylene yields coordination chain compounds with ferrimagnetic ordering of spins. [4, 5] Reduction of MPc's is also intensively studied. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Interest to this field is evoked by the prediction of metallic conductivity or superconductivity in electron doped MPc's [21] and the observation of with tetraalkylammonium cations (C + ) was obtained allowing the analysis of properties of metal phthalocyanines with the reduced phthalocyanine macrocycle in solid state [6] [7] [8] . Reduction is also IV O(Pc 4 )·5DME containing radical trianion (3) and tetraanion (4) phthalocyanine macrocycles [9] [10] [11] [12] [13] [14] . anions [15] [16] [17] [18] . Iron(II) hexadecachlorophthalocyanine forms salts with effective - stacking or a layered arrangement of phthalocyanine macrocycles [19, 20] .
In the studies of metal phthalocyanine reduction by sodium fluorenone ketyl in the presence of tetrabutylammonium cations, we found that generally metal phthalocyanine radical anions [M II (Pc 3 )]  are formed which can be crystallized as tetraalkylammonium salts [6] . Contrary, the reduction of aluminum(III) and gallium(III) chloride phthalocyanines in the same conditions results in the chloride anion substitution at the metal(III) atoms by the fluoren-9-olato  anions (HFlO  ). This ability is explained by high affinity of these metals to oxygen containing ligands. 2 ) . [25] b. Optical properties.
The spectra of starting Al nm. The formation of 1 strongly affects the optical spectrum. An intense band is manifested in the NIR range at 1001 nm and essentially weaker bands can be found at 924 and 843 nm (Fig. 1a) . The lowest energy band is attributed to Pc 3 and these bands can be found in the spectra of all metal phthalocyanines with the reduced phthalocyanine macrocycle. The transition energy of this NIR absorption band is slightly affected by the central metal atom and shifts from 920 (Cu   II   ) to 1040 nm (Sn   II   ) . [6] The [6] [7] [8] Geometric parameters of aluminum(III) and gallium(III) phthalocyanines in 1 and 2 are listed in Table 1 ).
Neutral 9-fluorenone and fluorenone ketyl radical anions are nearly planar with the maximal deviation of oxygen atom from the 13-atom fluorenone plane by 0.136 Å ( Table 1 ). The C=O bond length in these units is close to the length of normal double C=O bonds. The length is 1.22-1.28 Å for neutral 9-fluorenone and 1.27-1.31 Å for the fluorenone ketyl radical anions ( Table 1 ). The C-O bonds essentially elongated to 1.41-1.44 Å in the HFl-O  anions or dimeric fluorenone ketyls ( Table 1) Table 1 ).
The phthalocyanine macrocycle has longer and shorter N-C bonds with pyrrole and imine nitrogen atoms. There is no alternation of these bonds in the 2 charged macrocycles. Longer C-Npyr bonds are not alternated in 1-3 (Table 1) . Changes in the C-Nimine bonds are within the experimental error for 1 and 2. Noticeable alternation of these bonds is only found in 3 ( Table 1 ). This alternation is realized by such a way that four bonds belonging to two oppositely located isoindole units are longer than four other bonds belonging to two different oppositely located isoindole units. Such alternation is characteristics of Pc 3 and is observed due to partial disruption of aromaticity of the Pc macrocycle at the transition from stable 18--electron system of Pc 2 to less stable 19--electron system of Pc 3 . [6] [7] [8] The Fig. 4a . The Pc macrocycles are strongly shifted in these dimers in such a way that isoindole unit of one phthalocyanine is positioned over the half of the 24-atom Pc macrocycle of neighboring Pc. Interplanar distance in this case is 3.23 Å, and 10 short van der Waals C,NC,N contacts are formed within the dimers (Fig. 4b) . Crystal structure of 3 is shown in Fig. 4b (Fig. 4b) . The anionic dimers are isolated from each other and have no short van der Waals contacts with the neighboring ones ( Fig. 4b) . [28] 1.756 (3) 1.283(4) 0.006 (9-fluorenone)(GaCl3)C7H8 (neutral fluorenone) [28] 1.916 (5) [34] was made with exchange interaction of J/kB = − 1.1 (1) and -0.9 K, respectively (Figs. S7 and S8, respectively). The relatively weak magnetic coupling is most probably realized in the two-dimensional corrugated phthalocyanine layers since phthalocyanines form distorted but nearly square arrangement with side-byside van der Waals CC contacts between Pc 3 parallel to the ab-plane (Fig. 3b) . Experimental data for 3 can be fitted in the 12-300 K range by the Heisenberg model for pairs of antiferromagnetically coupling spins [35] with exchange interaction of J/kB = -10.8 K (Fig. S9 ). This magnetic coupling is most probably realized within isolated -stacking {[In III Br(Pc 3 )]  }2 dimers (Fig. 4b) . It should be noted that in case of 3 intradimer magnetic coupling is essentially stronger than those in salts 1 and 2 but less effective than those observed for previously studied {[Ti IV O(Pc 3 )]  }2 [6] and {Ph5CpRu(CO)2[Sn II (Pc 3 )]  }2 dimers [8] . (Fig. 6a) . Obviously this signal can be attributed to Pc 3 . Comparing to this, the H2Pc  radical anion shows a slightly narrower EPR signal with H = 0.1-0.2 mT. [6, 36] The signal a b exhibits nearly temperature independent g-factor and H down to down to 100 K and is split into two lines below this temperature (Fig. 6b) . Both lines are noticeably broadened below 50 K and their gfactors shift into opposite directions (Figs. 6c and 6d ). These lines have g1 = 2.0007 and H = 0.525 mT and g2 = 1.9946 and H = 1.217 mT at 4.2 K. The observed broadening and g-factor shift can be attributed to the antiferromagnetic coupling of spins observed in 1 in the phthalocyanine layers. (Fig. S6b) . In contrast to 1, no essential broadening of the EPR signal is observed for 2 at low temperatures.
In contrast to 1 and 2, salt 3 has an asymmetric signal even at room temperature with g1 = 1.9857
(H = 14.18 mT) and g2 = 1.9968 (H = 9.68 mT) (Fig. 7a, 295 containing Pc 3 were analyzed. In these cases both signals were rather narrow with H = 0.55-0.65 mT and g-factor was in the 2.00011-2.0028 range. [10] e. Theoretical analysis
In order to clarify molecular and spin structures theoretically, the full geometry optimization in the Tables S2 and S3 . broadening with increasing size of central metal atom, the anisotropy especially at low temperature, and relatively small g-factor values (< 2.000) in comparison with those of other metal phthalocyanine radical anion salts [6] .
Experimental Section
Materials. Al III ClPc (>85% purity), Ga III ClPc (>97% purity) and In III ClPc (>98% purity) were purchased from Aldrich and were used without further purification. Tetrabutylammonium bromide (Bu4N + )(Br  ) of 99% purity was purchased from TCI. Sodium fluorenone ketyl was obtained as previously described [37] . All manipulations for the syntheses of 1 -3 were carried out in a MBraun 150B-G glove box with controlled atmosphere and the content of H2O and O2 less than 1 ppm. Solvents were purified in argon atmosphere. o-Dichlorobenzene (C6H4Cl2) was distilled over CaH2 under reduced pressure and hexane was distilled over Na/benzophenone. The crystals of 1 -3 were stored in a glove box. KBr pellets for IR-and UV-visible-NIR measurements were also prepared in a glove box.
EPR and SQUID magnetic measurements were performed on weighed polycrystalline samples of 1 -3 sealed in 2 mm quarz tubes under 10
General. UV-visible-NIR spectra were measured in KBr pellets on a Perkin Elmer Lambda 1050 spectrometer in the 250-2500 nm range. FT-IR spectra were obtained in KBr pellets with a PerkinElmer Spectrum 400 spectrometer (400-7800 cm -1 ). EPR spectra were recorded for polycrystalline samples of 1 and 2 with a JEOL JES-TE 200 X-band ESR spectrometer equipped with a JEOL ES-CT470 cryostat working between room and liquid helium temperatures. A Quantum Design MPMS-XL SQUID magnetometer was used to measure static magnetic susceptibility of 1 -3 at 100 mT magnetic field in cooling and heating conditions in the 300 − 1.9 K range. A sample holder contribution and core temperature independent diamagnetic susceptibility (d) were subtracted from the experimental values.
The d values were estimated by the extrapolation of the data in the high-temperature range by fitting the data with the following expression: X-ray diffraction data for the crystals of 1 and 3 were collected on a Bruker Smart Apex II CCD diffractometer with graphite monochromated MoK radiation using a Japan Thermal Engineering Co.
cooling system DX-CS190LD. Raw data reduction to F 2 was carried out using Bruker SAINT.
[38] X-ray diffraction data for 2 were collected on an Oxford diffraction "Gemini-R" CCD diffractometer with graphite monochromated MoK radiation using an Oxford Instrument Cryojet system. Raw data reduction to F 2 was carried out using CrysAlisPro, Oxford Diffraction Ltd. The structures were solved by direct method and refined by the full-matrix least-squares method against F 2 using SHELX 2013 and 2014. [39] Non-hydrogen atoms were refined in the anisotropic approximation. Computational detail. DFT calculations based on the M11 functional [40] were performed using the 6-31+G(d,p) basis set. For the full geometry optimization, "Opt = Tight" was specified, and frequency calculations confirmed no imaginary frequency. In the present DFT calculations, "Int =SuperFineGrid"
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